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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) of 
the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named in 
this certificate and any accompanying documents has re-registered under the Companies Act 1 980 
with the same name as that with which it was registered immediately before re-registration save 
for the substitution as, or inclusion as, the last part of the name of the words "public limited 
company" or their equivalents in Welsh, references to the name of the company in this certificate 
and any accompanying documents shall be treated as references to the name with which it is so 
re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c, pic, 
P L C. or PLC. 



Le-registration under the Companies Act does not constitute a new legal entity but merely 
lbjects the company to certain additional company law rules. 
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Dated 1 6 November 2004 
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1. Your reference 
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i W03 E85103H B02955- 



The Patent Office 

Cardiff Road 
Newport 
South Wales 
-NP1Q8QQ- - 



2. Patent application number 
(The Patent Office will Gil in this part) 

3. Full name, address and postcode of the or of 
each applicant (underline all surnames) 



Patents ADP number (if you Icnowlt) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



0326186.4 

OMNIPERCEPTION LIMITED 

78 THE STREET, 

SHALFORD, - 

GUILDFORD, 

SURREY, 

GU4 8UU 

UNITED KINGDOM 



10 NOV 2003 



4. Title of the invention 



2D FACE AUTHENTICATION SYSTEM 



5. Name of your agent (if you have one) 



MATHISEN, MACARA & CO. 



"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(including the postcode) 



The Coach House 
6-8 Swakeleys Road 
Ickenham 
Uxbridge 
UB10 8B2 



Patents ADP number (if you know it) 



6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know It) the or 
each application number 



7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 

8. Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer Yes' it 

a) any applicant named in part 3 is not an inventor, or 

b) there Is an in ventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 



Country Priority application number 

(if you know it) 



Date of filing 
(day / month / year) 



Number of earlier application 



Date of filing 
(day / month /year) 
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9. Enter the number of sheets for any of the 
foDowing items you are filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 
Description 

Claim fc> 

* Abstract 



2 
1 



Drawing <y 



10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 



Request for substantive examination 
(Patents Form 10/77) 

Any other documents 

(please specify) 



11. 



I/We request the grant of a patent on the basis of this application. 

Signature^ ^jjjg^ % C/tA „_Q Dat6 10 NOVEI V»BER 2003 

Mathisen, Macara & Co. 



.12. Name and daytime telephone number of 
person to contact in the United Kingdom 



PIPPA TOLFTS 01895 678331 



Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. Y ou 
will be informed if it is necessary to prohibit or restrict your invention in this way Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form, 

d) If you have answered Yes' Patents Form 7/77 will need to be Wed. 

e) Once you have filled in the form you must remember to sign and date it 

f) For details of the fee and ways to pay please contact the Patent Office. 
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2D face authentication system 



Existing 2D image based face authentication systems involve capturing user's face image, so 
called probe, which is first registered geometrically and subsequently normalised 
Xtometricallv. Certain features are then computed from the normalised imageand compared 
with a stored model (one or several templates defined in the feature space). The creation of 
the template is referred to as training If the authentication process is verification, the 
^mpSson is carried out against the model of the claimed identity. If the process is 
identification, all models in the database are matched against the probe image and the best 
match determines the unknown identity of the tested mdividual. 

2D image based face authentication systems are notoriously sensitive to changes in 
Summation and pose of the subject A number of solutions have been suggested to dleviate 
T^o problem For instance, one can use a multi view model where the template. 5 for each 
Ser Snemted during the enrolment, represent different pose views of the face. However, 
s^ch anWoach has a number of problems. First of all, registering a probe image of an 
arbtrS po P se geometrically is very difficult. Also the complexity of the system ^increase ^ as 
. ^different feature space is needed for each pose. Alternatively, one can build a statistical 
mo^ef which captures the variations of the face over a range of poses. The resulting statistical 
2D ^appearance model is then fitted to the probe image. It is then possible to elicit tiie 
discriminatory information content encapsulated by the appearance model and use it for 
aumentication. Similarly, one can build a 3D statistical model of the human face and useitfor 
nose fitting The problem with such approaches is that each time a new client is enrolled by 
tiTe system, it should be retrained and when the system is retiained, all existing clients have£ 
issued with new templates. This is time consuming, and in many applications 
^practicable. Without retraining, any errors arising from the inability of the system to mode 
wl S pose Of the face captured in the probe image may interfere with the subsequent 
matching process to establish the identity of the probe image. More over, such approaches are 
dramatically affected by changes in ulumination 

The recent work of Zhao and Chellappa [WY Zhao and R Chellappa, 3D^ model ^ enhanced- 
fa Ce recognition, Proceedings IEEE International Conference on Image Processing 2000 
Vancouver Canada] suggests that both pose and mumination variations can be handled 
S. pSSidSd a general 3D face model is used to aid 2D processing, ft-^. 
be used to re-map the probe image into the frontal pose presentation and correct it for changes 
£ mummarion at the same time. The advantage of the system is that it does no require 
^Sthen a new user is enrolled However, as with the 2D and 3D statistical models 
discussed above, the residual errors resulting from the fitting of a generic 3D face ; model to * 
2D face image of a specific user will lead to registration errors and consequently to 
recognition errors. 

According to the invention there is provided a 2D face authentication process utilising a client 
specific 3D face shape model. 

According to the invention there is further provided an enrolment process for a face 
authentication process including acquiring, for each client, a template for 2D based face 
authentication and a client specific 3D face shape model. 
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We propose a novel approach to 2D face authentication that is assisted by client specific 3D 
models. Each model is acquired during the client enrolment together with the usual client 
template. Any 3D face model acquisition system may be used for the purpose. The future 
authentication of client's identity by the face biometric system is based on 2D probe only, 
with the stored 3D model and the client template used for reference. In a verification scenario, 
the authentication process is assisted by the 3D model associated to the claimed identity. The 
3D face model is registered with the observed probe image, which is then re-mapped to the 
frontal face presentation. The re-mapped image is normalised photometrically, based on the 
algorithm of Zhao and Chellappa. Incontrast with their work, the client specific -3D model is - 
used to compute the face shape derivatives needed for the photometric normalisation process, 
rather than the derivatives of the general face model. This is more accurate and consequently 
yields better results. The pose and illumination corrected image is then input to the 2D face 
verification subsystem of the face authentication system to obtain the final decision about the 
claimed identity. 

In an identification scenario, the system successively hypothesises the identities of the users 
known to the system. For each hypothesis the process of 3D model, to probe image 
registration, pose correction and photometric normalisation are carried out as detailed above 
for the verification process. The scores of the matches achieved for the respective hypotheses 
are ranked in the descending order. The highest scoring hypothesis then defines the identity of 
the probe image. 

In addition to the above face authentication process, the process of acquiring for each client, 
during the enrolment, a 3D face shape model together with a template for 2D based face 
authentication is also claimed to be novel. The process of acquiring for each client, during 
enrolment, a 3D face shape model jointly with a template for 2D based face authentication 
and then acquiring only 2D face image probe for future authentication, with the stored client 
specific 3D face shape model used to aid the authentication process is also claimed to be 
novel. The advantage of this approach is that the authentication system does not need to be 
retrained on enrolling new clients and client templates do not need to be re-issued. 
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CLAIMS 

1. A 2D face authentication process utilising a client specific 3D face shape model. 

2 A 2D face authentication process as claimed in claim 1 wherein said client specific 3D 
face shape model is used to generate data required for pose and fllummahon 
normalisation. 

3. A 2D face authentication process as claimed in claim 2 wherein said data includes face 
shape derivatives. 

4 An enrolment process for a 2D face authentication process including acquiring for 
each client, a template for 2D based face authentication and a chent specific 3D face 
shape mbael: 

5. A 2D face authentication system using the 2D face authentication process of any of 
claims 1 to 3. 

6. A 2D face authentication system using the enrolment process of claim 4. 

7 . A 2D face authentication process substantially as herein described. 

8. An enrolment process for a 2D face authentication process substantially as herein;^ 
described. 

9. A 2D face authentication system substantially as herein described .f. 
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